The Cabeceira Comprida stream's watershed, located in Santa Fé do Sul, Brazil, is an agroecosystem with great demand of water for the population and agriculture. During the dry season the water demand exceeds the amount generated by the watershed. It is important to know the dynamics of the water above the ground to improve the water resources management. Ten Landsat 8 images were used combined with Northwestern São Paulo State Weather Network data under different thermohydrological conditions of the year 2014 to quantify actual evapotranspiration (ET a ), biomass production (BIO) and water productivity (WP) based on ET a . Using the Simple Algorithm for Retrieving evapotranspiration (SAFER) for calculating ET a , the Monteith's radiation model was applied for estimating the BIO and for calculation of WP the ratio of BIO and ET a . The average pixels for ET a , BIO and WP ranged respectively from 0. ; DOY 92) in the autumn. The water productivity components can subsidize the monitoring of the agro-ecosystems, being a useful tool to quantify the annual variability of ET a and BIO.
INTRODUCTION
Water, until recently, seen as an inexhaustible resource, has started to become scarce in several places of the planet. Due to impertinence of unsustainable interventions. These anthropic interventions interfere in the hydrological cycle, causing water scarcity, which, even though is a substance that renews cyclically, is becoming more and more scarce in continental aquatic environments, because the aforementioned impacts have decreased its availability 1, 2 .
Since 1970 there has been a worldwide concern about the need to promote environmental recovery and natural resource maintenance. Diffusing the concept of watershed on the world. To face pollution, scarcity and conflicts over water usage, it was necessary to recognize the watershed as an ecological system (which covers all organisms that function together in a determined area), and to understand how natural resources are connected and independent 3 . The watershed is a part of a region 2 and can be considered as an open geomorphological system, receiving energy from climatic agents and losing it due to runoffs. As an open system, it can be described in independent variable terms, that oscillate around a pattern and finds itself in a dynamic equilibrium 1 .
In Brazil, water is a public asset and has an economical worth. Its management should always provide its multiple uses. As a supply for cities, a source of water for animals, irrigation, among others 2 . Agropecuary, the industry and human consumption are responsible, respectively, for 59, 19 and 22% of water consumption 4 . Measuring this consumption, especially the one of agriculture such as evapotranspiration, in spatial-time scale allows for better water resource management. In the Northwestern São Paulo State, annual rainfalls are elevated and unevenly temporal distribution, resulting in successive water deficits. This region registers up to eight months of soil water deficit 5 and its characterized as an area exploited by agropecuary 6 , moreover, with a conflicting use of water. What makes that efficient water usage is necessary to assure productivity, making it of extreme importance to evapotranspiration determination, biomass and water productivity, having the possibility of being determined with the use of indirect methods. Based on radiometric measurements obtained from remote sensing.
Remote sensing techniques applied to agriculture enable the generation of time series in regional scale economically, efficiently and operationally, revealing important aspects for agricultural planning 7 , in its management and evaluation of water resources scarcity where water productivity can be improved 8 , being a powerful indicator of agronomic performance and use of water resources.
The Simple Algorithm for Retrieving Evapotranspiration (SAFER) model is based on the ratio of actual (ET a ) to the reference (ET 0 ) evapotranspiration, and was validated with data from four experiments from the field involving irrigated cultures and natural vegetation in Brazilian semiarid conditions 9 , empirically calibrated for the Northwestern São Paulo State, Brazil 10 and adjusted to other regions 11 . SAFER is a simple application, not being necessary the classification of vegetation, it doesn't require extreme water conditions or specific radiation physics knowledge. Furthermore, it has the advantage of thermal bands not being required and having the possibility of being applied with meteorological data from different seasons (from conventional to automatic), enabling the evaluation of historical tendencies from water productivity components 12 .
Thus, this study aimed to evaluate the actual evapotranspiration, biomass, and water productivity using the SAFER model by using images from do Landsat 8, in the watershed of Cabeceira Comprida stream, Santa Fé do Sul, SP, Brazil.
MATERIAL AND METHODS

Study area
The watershed in question is located in the municipality of Santa Fé do Sul, in the extreme northwest of São Paulo State, in the geographic coordinates 20º10'09" S and 50º55'05" W, with 380 m asl ( Figure 1 ). The climate, according to the Köppen-Geiger 13 classification is equatorial climate (A), belonging to the equatorial savanna with dry winters, Aw, or humid tropical climate with dry winter. And this region is characterized up to eight months of soil water deficit 5 . With a permanent eucalyptus, banana, rubber, coffee, orange, lemon, mango, tangerine and grape agriculture; cane, manioc, watermelon and corn agriculture; and with support to cattle, horse, swine, goats and sheep breeding, and also gallinaceous 6 .
Meteorological variables
The Northwestern São Paulo State Weather Network (http://clima.feis.unesp.br; Figure 2 ) was used to obtain the climatic variables: global radiation (R G , MJ m -2 day -1 ), reference evapotranspiration (ET 0 , mm day -1 ) and daily temperature average (T a , °C), these variables were specialized by Inverse Distance Weighted (IDW) spatial interpolation contained in the ArcGIS® software. 
Data collection and pre-processing
The images to be used were obtained through the USGS (http://earthexplorer.usgs.gov) of the Landsat 8 (OLI and TIRS sensors), with path 222 and row 74, for the period of 2015 (timescale of 16 days). The free images of clouds were used to continue with the next processing steps, using the ArcGIS® 10.0 (ArcMap™) from the ESRI for this and the next steps, using the Model Builder function.
The radiometric corrections from the OLI and TIRS sensors according to the Eq. 1 14 for bands 1-7 and 10-11:
where, L λ is the spectral radiance in the sensor (W m -2 sr -1 µm -1 ), M L is the multiplicative factor (gain), A L is the additive factor (offset) and Q cal is the quantized calibrated pixel value (DN).
The conversion to reflectance values to each band according the Eq.2 15, 16 .
E0 cos ESUN
where, ρ λ is the planetary reflectance in TOA (no units), ESUN λ is the mean exoatmospheric solar irradiance (W m -2 µm -1 ), θ s is the Solar zenith angle in the moment of acquisition (rad), E0 is the correction of the earth-sun distance (astronomic units).
The wide planetary albedo band in TOA (α TOA ) was calculated by the Eq.3 15, 16 along the values each band's weight (ω 2 ):
The conversion equation for spectral radiance to sensor's brightness temperature (T bri ) is given by Eq. 4 17 : (4) where, K2 is the constant of calibration two (K) 1321.08 and 480.89, respectively, for the band 10 and 11, K1 is the constant of calibration one (W m -2 sr -1 µm -1 ) 774.89 and 408.89, respectively, for band 10 and 11. The average value of bands 10 and 11, was considered T bri for Landsat 8 16 .
The NDVI is calculated using the ratio between the differentiate of the close infra-red's planetary reflectivity (ρ IVP ) and of the red (ρ V ) and the sum of them all:
Atmospherics corrections
The data of α TOA and T bri were corrected atmospherically to get the values of albedo (α 0 ) and surface temperature (T 0 , K) by using regression analysis 18 :
where, a and b are regression coefficients 0.6054 and 0.08, respectively.
where, a and b are regression coefficients 1.0694 and -20.173, respectively.
Ratio ET a /ET 0
The (ET a /ET 0 ) SAFER ratio, based on satellite images was obtained by the Eq. 8 9 :
where, a and b are regression coefficients, respectively, 1 and -0.008 for the conditions of Northeastern São Paulo State 9,10 .
Water productivity components
Actual evapotranspiration (ET a , mm day -1 ) is obtained by the multiplication of ET 0 and (ET a /ET 0 ) SAFER , obtaining the daily values of ET a on a large scale by pixel 11 . Eq. 9 doesn't work with bodies of water (NDVI < 0). So the algorithm SAFER uses the equilibrium evapotranspiration concept 11 under these conditions. The latent flux heat (λΕ) was obtained by the Eq. 10, applying the conditional function to the values of NDVI, and transforming the energy units to mm day -1 .
where, Δ is the slope of the saturation vapour pressure curves (kPa °C -1 ), R n is the net radiation (MJ m -2 day -1 ), G is the soil heat flux (MJ m -2 day -1 ), γ is the psychometric constant (kPa °C -1 ).
The R n was obtained by Slob equation
where, α 24 is the surface albedo of 24 hours, R G is the interpolation grid of daily global radiation from agrometeorological stations (W m -2 ), a L is the regression coefficient between the net radiation of long wavelength, atmospheric transmissivity (τ sw ) of short waves in a daily scale is calculated by dividing global radiation by TOA radiation 20 .
Eq. 12 is used to calculate 24 hour surface albedo 18 :
α α (12) where, a and b are regression coefficients, respectively, 1.023 and 0.0149. where, ε max is the maximum efficiency of radiation -in the current study 2.5 22 -(g MJ -1 ) was considered, E ƒ is the evaporative fraction (no units), APAR is photosynthetically active absorbed radiation (W m -2 ), 0.864 is a unit conversion factor.
The E ƒ , as an indicator of soil humidity, is defined by Eq. 16 21 :
where, λΕ was obtained by Eq, 9 by transforming ET a into energy units.
The APAR was directly approximated from photosynthetically active radiation (PAR), according to Eq. 17 21 : PAR f APAR PAR = (17) where, the ƒ PAR is estimated from NDVI 18 :
where, a and b are coefficients 1.257 and -0.161, respectively 22 .
The PAR on the timescale of 24 hours was obtained by Eq. 19 23 :
where, a is the regression constant for Brazilian conditions (0.44).
Water productivity (PA, kg m -3 ) based on evapotranspiration 21 was then considered as:
RESULTS AND DISCUSSION
The thermohydrological conditions limit the use of energy in the watershed, the monthly behavior total precipitations (P) and the daily average of R G in the year of 2014 are presented in Figure 2 . The R G represents the main energy resource for ET a and during the year of 2014, the R G had inferior values in May to July with 13.4 MJ m -2 day -1 in mean, by own conditions of winter in the South Hemisphere, meanwhile larger values were registered from January to February and from October to December with 19.7 MJ m -2 day -1 in mean, when the Sun is close to the zenith, however, with low cloud covers. A high availability of energy contributes to a strong atmospheric demand. Although, occurring in the month of January the highest ET 0 , in October the ET 0 reached 156.3 mm month -1 , registering the lowest values of ET 0 during the months of May to July with 81.9 mm month -1 in mean. The variations during the year relate to the precipitation data, although these variations aren't too high. Considering natural water input, the P was the most variable climatic parameter. Only the months of May to July had precipitations inferior to 100 mm month -1 , precipitation being the main part of water balance, as verified in the monthly variation (Figure 2) , The biggest rainfall concentrations happened mainly during the months of January to March and November to December. The period with less rainfall was during the months of June to August, confirming what was described for the region's climatic behavior 5, 13 . (Figure 2 ). Presenting the biggest and lowest ET a of 2.05 and 0.38 mm day -1 , respectively, coinciding these values with the wet season, where there is a larger availability of energy and precipitation, and with the dry season with lowest levels of energy in the year and practically precipitation absent.
The Cabeceira Comprida stream's watershed has a great environmental and economical importance, being indispensable for either water replenishment for the city of Santa Fé do Sul, generating surplus for sewage dilution generated and is found on an elevated degree of anthropization and the riparian area primarily invaded by hydrophilic and perennial herbaceous plant of genus Typha, classified as "problem species" and an indicator of environmental degradation, in a watershed registered with soil erosion and silting of the riverbed. During all the studied dates, these species took better advantage of the thermohydrological conditions of the wet season and during the dry period they serve themselves from the water supply of the stream and so establish conflicting use of water. Similar results were presented at the Mula stream watershed -SP in dry and wet seasons in the years of 2013 and 2014 24 , and in the Tietê river watershed -SP in the dry season of the year of 1996 25 , corroborating data from dry season obtained in the current study. zone present in the watershed to continue with vegetative development. The smallest values occurred during the dry season, and in the beginning of spring, when it is noted that the gradual increase of BIO due to it recovering itself from water stress the dry season, according the images that correspond to DOY 204, 220 and 252. It is noted that, once more, species installed in the stream during the dry season benefit from the continuous flow of water, from the stream. Biomass values close to the ones presented in the current study were found in Santa Fé do Sul -SP and in three watersheds of the Tietê river -SP 24, 25 . On the other hand, in any period of the year -independent of precipitation availability -the riparian zone, which are adjacent areas to the riverbed or thalweg, infested by Typha sp, stand out in water consumption, biomass and water productivity, fulfilling a hydrological function, but without an economical function. The more degraded the watershed, the larger the conflictive use of water and so, studies like this are the base and a proper justification that new studies that detail the participation of each soil coverage in the process of water loss to the atmosphere, being so, SAFER algorithm has shown to be an adequate tool to use to obtain water productivity components. 
CONCLUSIONS
The set of data of a network of agrometeorological stations with data obtained from Landsat 8 through remote sensing, has allowed to evaluate water productivity on the Santa do Sul -SP watershed's level, during the period of 2014.
The ET a , BIO and WP adjust themselves to the thermohydrological conditions of the study's area, presenting the biggest values during the wet season, as well as the smallest values during the dry season.
Invasive species, fulfill a hydrological function, but without an economical function in Cabeceira Comprida stream's watershed.
The SAFER algorithm, adjusted to the Northwestern São Paulo State, used in this study, possesses enough sensibility to detect the dynamic changes in components of water productivity, contributing to watersheds with fragile ecosystems monitoring.
